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Description 



Induction heating Apparatus for 
controlling the welding parameter of 
temperature for heat treating a section 
of piping 

Background of Invention 

[0001] The present invention relates to a heating apparatus for 
controlling the welding parameter of temperature for a 
pre-weld heating operation, interpass operation, or a hy- 
drogen bake-out operation. The invention contemplates a 
novel induction technology for performing the following 
operations. 

[0002] As will be apparent to one skilled in the art, the term "pre- 
weld heating'Vefers to the operation of preheating a sec- 
tion of pipe to the desired temperature before performing 
a welding operation upon a section of pipe. For example, 
in a pre-weld heating operation using P91 crome-moly 
steel pipe, the pipe is heated to a temperature range be- 



tween 400 500 degrees Fahrenheit. The term "P91"is used 
to describe a common type of pipe used in a high- 
pressure application for transporting oil, gas, or steam. 
P91 is comprised of a chromium-molybdenum alloy hav- 
ing the chemical composition of 9Cr-lMo-V (P91). 

[0003] The term "hydrogen bake-out"refers to a finishing opera- 
tion on a weld whereby a welded section of pipe in-situ is 
held at a constant temperature in order to remove any hy- 
drogen impurities from the weld in preparation for a cut- 
ting of welding operation. A hydrogen bake-out helps 
prevent the weld-joint from pre-mature fracturing of the 
weld-joint or pipe in-situ. 

[0004] The term "interpass temperature" refers to the temperature 
of the pipe between welding passes. A "welding pass"is 
the path taken by a single welding operation. For exam- 
ple, a welding pass for a section of pipe is the circumfer- 
ential path taken around a weld joint for the pipe. 

[0005] p r j or Art:Several types of flexible electric powered heaters 
are disclosed in the prior art. For example, unexpired 
Russian Patent Number 2,115, 265 (hereinafter, the "265 
patent) issued on July 10 th , 1998 discloses an electric 
heater used for the thermal treatment of structures, pipes, 
steam, gas and petroleum lines in situ for stress relieving 



only. The "265 patent discloses the use of a detachable 
ceramic insulator for the electric heater. The ceramic in- 
sulators are connected by means of elements in the form 
of bushes and fixed by catches. Insulator elements are 
connected according to the dovetail principle. 

[0006] Accordingly, the prior art also discloses the use of a com- 
bined heating and insulating means for heat treating an 
object. For example, in expired United States Patent Num- 
ber 3, 393,297 (hereinafter, the "297 patent), a heating 
and insulating means is disclosed for heat treating an ob- 
ject. The "297 patent discloses a flexible resistance wire 
which is covered by a heat insulating pad for heat transfer 
to the object to be heat treated. Insulator elements are 
connected according to the hook-and-latch principle. 

[0007] Specifically, expired United States Patent No. 4,255,649 
issued to Fisher on March 10 th , 1981 discloses a flexible 
heating element for use with plastic polyurethane piping. 
The heating element is comprised of a plurality of ceramic 
components strung together on a heating wire to form a 
flexible structure. Accordingly, the applicant modifies the 
expired Fisher patent and provides a new use for the 
heating element. Namely, the applicant has modified 
Fisher to be made amendable to pre-heating metal piping 



to address the deficiencies in the prior art for existing 
heating solutions directed towards oilfield piping. 

[0008] | n accordance with the present invention, a heating appa- 
ratus is disclosed which is directed towards the pre- 
welding operation of performing a hydrogen bake-out. 
The process of performing a bake-out operation is distin- 
guishable from the expired "265 patent which is directed 
towards a stress relieving operation. In a typical "bake- 
out"operation the metal piping is heated to a temperature 
of 600 degrees Celsius, whereas in a typical "stress-re- 
lieving" operation, the metal piping is heated to a temper- 
ature range between 1200-1400 degrees Celsius. 

[0009] Accordingly, the apparatus of the present invention is not 
amendable to be used for performing a stress relieving 
operation since the heating element would typically de- 
grade or melt under a voltage load required to produce a 
temperature of 1200-1400 degrees Celsius. Applicant re- 
spectively submits that the "265 patent although poten- 
tially amendable to produce the temperature of 600 de- 
grees Celsius required for a typically bake-out operation, 
it inherently does not address many of the prior art disad- 
vantages which will be described herein. 

[0010] Deficiencies of the Prior Art: Unfortunately, many of the 



prior art inventions are difficult and cumbersome to apply, 
remove or relocate from the weld area, which typically 
may be held within a tightly confined area. Additionally, 
many of the prior art inventions require a power source 
requiring the use of heavy machinery to provide a suitable 
source of power. For example, a generator truck is typi- 
cally required for voltage requirements exceeding 110 
volts. Each truck uses heavy cabling to supply power from 
the generator mounted on the truck to the heating appa- 
ratus which is typically located in a remote location from 
the weld site. The heavy cabling may present a hazard at 
the work site since the use of heavy voltage cabling 
present a safety hazard. 

[0011] what is required in the Art is a portable heating apparatus 
for heat treating a section of oilfield pipe which may be 
easily retrofitted to the site to be heat treated. The heat 
treating apparatus should be amenable to be easily added, 
removed, or re-located to a new weld site. Additionally, 
the heating apparatus should not require the use of a 
heavy cabling, and/ or the requirement of a high-voltage 
truck for supplying power to the heating apparatus. 

[0012] | n accordance with one aspect of the present invention, it 
is desirable in the art to have a method and apparatus for 



controlling a welding parameter such as temperature in 
order to improve the quality of a weld by controlling the 
interpass temperature, pre-weld heating operation or hy- 
drogen bake-out operation. 

[0013] | n accordance with another aspect of the present inven- 
tion, it is desirable in the art to have a method and appa- 
ratus for controlling a welding parameter such as temper- 
ature wherein the heating device does not require the use 
of a high voltage truck, and heavy cabling associated with 
supplying power to the heating device. 

[0014] | n accordance with yet another aspect of the present in- 
vention, it is desirable in the art to have a method and ap- 
paratus for controlling a welding parameter such as tem- 
perature wherein the heating device is easily amendable 
to be added, removed or re-located during the aforemen- 
tioned operations. 
Summary of Invention 

[0015] in accordance with the present invention, an apparatus is 
disclosed for controlling a welding parameter such as 
temperature for performing a pre-weld heating operation, 
interpass operation, or a hydrogen bake-out operation. 
The invention contemplates a novel induction technology 
for performing the following operations. 



[0016] | n one aspect of the present invention, a heating appara- 
tus is disclosed which is amendable for performing a pre- 
weld heating operation, interpass operation, or a hydro- 
gen bake-out operation. 

[0017] ^ another aspect of the present invention, a heating ap- 
paratus is disclosed which does not require the use of a 
high voltage truck or high voltage cabling to supply the 
required power to the heating device. 

[0018] in yet another aspect of the present invention, a heating 
apparatus is disclosed which is amendable to be easily 
added, removed, or re-located to a weld site during the 
aforementioned welding operations. 
Brief Description of Drawings 

[0019] Figure 1: an exploded side view of a general embodiment 
of a heating apparatus 10, in accordance with the present 
invention. 

[0020] Figure 2a: a top planar view of the inner core 20. 

[0021] Figure 2b: a top planar view of the heat transfer element 
30. 

[0022] Figure 2c: a top planar view of the outer cover 40. 

[0023] Figure 3a: a cross-sectional view of a heating collar 15 (or 
16), in accordance with a preferred embodiment of the 



heating apparatus. 
[0024] Figure 3b: figure 3a with the fastening means 55. 

[0025] Figure 4: a bottom view of each heating collar 15 and 16 
secured around the weld joint 17 of the piping by the fas- 
tening means 55. 

[0026] Figure 5: a top view of each heating collar 15 and 16. 

[0027] Figure 6: a side view of each heating collar 15 and 16. 

[0028] Figure 7: a side view of a guide on the heating apparatus 
for assisting the welding operator with the application of 
the heating apparatus on the piping. 

[0029] Figure 8: a top view of the thermostatic control mecha- 
nism 60. 
Detailed Description 

[0030] Referring to figure 1, a heating apparatus 10 is disclosed 
in accordance with the present invention. In a general as- 
pect, the heating apparatus is comprised of a thermally 
conductive heating element 2, a power source 4, and a 
thermostatic control mechanism 5 for controlling the volt- 
age and current supplied to the heating element. 

[0031] The heating element 2 is comprised of a resistance wiring 
network 3. The resistance network 3 provides a mecha- 
nism for transferring electrical potential energy into ther- 



mal energy. Accordingly, the heating element is further 
comprised of a thermally conductive core 7 for absorbing, 
containing, and transferring the thermal energy from the 
network 3 to a heat transfer element 8. Typically the heat 
transfer element 8 is contiguous with the core 7. The heat 
transfer element absorbs thermal energy from the core 
and transfer the thermal energy absorbed from the core to 
the surface of the metal piping. The transfer medium is 
typically comprised of a thermally conductive substrate 
such as metal is used to provide an inner liner for cover- 
ing and protecting the core from damage. 

[0032] The core 7 is covered by an outer cover shell 9 which sup- 
ports the heating element and protects the heating ele- 
ment from direct contact with the operator. The shell 9 is 
covered by a thermally non-conductive cover 6 for pro- 
tecting the hand of the welding operator from direct con- 
tact with the heating element 2. 

[0033] Having reference to figure 1, the spatial relationship of 
the heating element 2, the core 7, the heat transfer 
medium 8, the shell 9, and the cover 6 is shown. As 
shown in figure 1, an exploded view of the above named 
elements is shown. The core 7 is sandwiched between the 
heat transfer medium 8 and the shell 9. The heating ele- 



ment supported by the core is contiguous with both the 
transfer medium 8 and the shell 9. The cover 6 provides a 
protective "wrapper"for the "sandwich". 

[0034] Preferably, the term "contiguous"as defined in the claims 
is used to mean that the core 7, transfer medium 8, and 
the shell 9 are situated in combination so as to be in con- 
tact with each other. The greater the surface area of the 
core 7 that is in contact with the surface area of the trans- 
fer medium 8, the greater the thermal energy transfer be- 
tween the core 7 and transfer medium 8. Since, air from 
the atmosphere acts as an insulator between the various 
elements, it is preferred that no gaps exist between the 
"sandwiched"elements. 

[0035] it is apparent to one skilled in the art, however, that the 
invention contemplates any spatial relationship between 
the core 7, transfer medium 8, and the shell 9 to enable 
the heating functionality of the heating apparatus. 

[0036] B es t Mode of Performing the lnvention:ln accordance with 
a preferred embodiment of the present invention, the 
heating apparatus 10 is shown in figure 4 as comprised of 
a pair of opposed heating collars 15 and 16. Each collar 
15 and 16 is placed on either side of the weld joint 17 for 
preparing the weld joint 17 for a given section of pipe be- 



fore performing the required pre-weld heating operation. 

[0037] a s shown in figure 2a, an exploded view of a heating col- 
lar 15 is shown. Each collar is comprised of an inner core 
20. The inner core is heated by induction by a heating el- 
ement 22. The heating element 22 is comprised of a coil 
wire heating element 23. Typically, the heating element 
23 is a high resistance wire which provides a constant 
heat source to the inner core. 

[0038] Preferably, the inner core 20 is made of a ceramic mate- 
rial. The use of a ceramic material for the inner core 20 is 
preferred because of the thermal ability of ceramic mate- 
rial to efficiently absorb, retain, and transfer heat directly 
from the heating element to the weld site. As required by 
the pre-welding operation, a method is required for con- 
sistently controlling a welding parameter such as temper- 
ature. 

[0039] The ceramic inner core 20 provides a consistent heat 

source for the piping since the flow and transfer of heat 
from the ceramic to the piping is controlled by the ther- 
mostatic control mechanism 5. For example, the ceramic 
inner core can be heated to a specific temperature by 
controlling the thermostatic temperature of the heating 
element. Conversely, the ceramic inner core can easily be 



cooled down to a specific temperature by throttling the 
thermostatic temperature of the heating element. 

[0040] Referring to figure 2b, the heating collar 5 is further com- 
prised of a heat transfer element 30. The heat transfer el- 
ement 30 provides a thermally conductive material for 
transferring thermal energy from the inner core 20 to the 
outer cover. The heat transfer element 30 must be capa- 
ble of transferring thermal energy from the inner core to 
the outer cover 40. Additionally, the heat transfer element 
30 includes an opening 36 formed on the surface of the 
heating transfer element 30 for housing the thermostatic 
control mechanism 5. 

[0041] Preferably, the heat transfer element 30 is made of galva- 
nized sheet metal. The sheet metal provides an efficient 
heat transfer substrate. Additionally, sheet metal is pre- 
ferred because it is amendable to be formed into the de- 
sired shape of the piping. 

[0042] Referring to figure 2c, the heating collar 5 is further com- 
prised of an outer cover 40. The outer cover 40 provides a 
protective outer covering for housing the heating element 
22, ceramic inner core 20, and heat transfer element 30. 
The outer cover 40 provides a safety barrier to help pro- 
tect the hands of the welding operator from direct contact 



with the heating element 22. Additionally, the outer cover 
40 includes a housing 46 for holding the wiring (not 
shown) and the thermostatic control mechanism 5. 

[0043] Preferably, the outer cover 40 is made of a stainless steel 
cover. The stainless steel cover provides a protective layer 
for supporting the internal components of the heating 
mechanism. The stainless cover must be capable of being 
flexible since in most applications the heating collar is se- 
cured around the circumferential wall of the piping. 

[0044] Assembly of the Heating Collar:Referring to figure 3, a 

cross-sectional view of the heating collar 5 is shown. The 
inner core 20 is spaced substantially parallel and contigu- 
ous between the heat transfer element 30 and the outer 
cover 40. 

[0045] Additionally, to protect the hands of the welding operator 
from direct contact with the heating element, a protective 
layer 35 is provided on top of the outer cover 40. The 
protective layer 35 is comprised of a heat insulating sub- 
stance. Preferably, the heating insulating substance is 
comprised of carbo-wool insulation. The carbo-wool in- 
sulation is fire retardant and therefore does not degrade 
under high temperature which makes it suitable as an in- 
sulator for the heating collar application. 



[0046] Finally, an outer housing 50 is provided. The outer hous- 
ing 50 covers the protective layer 35 comprising the insu- 
lation. The outer housing 50 is amendable to make it easy 
to handle the heating collar. 

[0047] The outer housing 50 terminates in a fastening means 55. 
The fastening means 55 provides a mechanism for secur- 
ing the collar around the piping. 

[0048] Preferably, the fastening means 55 is comprised of a Vel- 
cro ™portion that extends beyond a first end 43 of the 
outer housing 50. The fastening means 55 is further com- 
prised of a second end 47 on the outer housing 50. The 
second end 47 attaches to a portion of the first end 
thereby securing the heating collar 5 around the piping. 

[0049] as defined in the claims, the term "distal end'Vefers to the 
first end 43 on the outer housing 50. Similarly, the term 
"proximal end" refers to the second end 47 on the outer 
housing 50. Preferably, the distal end and the proximal 
end of each collar are located at each of the opposed ends 
of the collar. However, the fastening means 55 contem- 
plates that the first end 43 and second end 47 may be lo- 
cated anywhere along the length of the housing 50. 

[0050] Proportions of each Heating CollarMt will be apparent to 
one skilled in the Art that the scale and proportions of 



each heating collar may be adjusted to accommodate var- 
ious dimensions of piping. For example, the length (x) of 
the collar may be adjusted to accommodate various diam- 
eters of piping. Additionally, the width (y) of the collar 
may be adjusted to provide a greater heating surface area 
on the piping. 

[0051] The invention also contemplates any geometry for the 
fastening means 55. For example, the length of the first 
end 43 may be adjusted to secure around various dimen- 
sions of piping. Additionally, the second end 47 may also 
be adjusted to accommodate the modulated dimension of 
the first end. For example, a longer Velcro tab for the first 
end 43 may be provided to accommodate larger dimen- 
sions of piping. Also, a greater Velcro fastening area for 
the second end 47 may be provided to accommodate the 
first end 43. In this way, the heating collar may be ad- 
justable to accommodate a wide range of piping diame- 
ters. 

[0052] Referring to figure 7, a guide 100 is shown for aligning 
the heating apparatus on the piping. Preferably, each 
heating collar is aligned on the piping so that the guide, 
which typically comprises an arrow, is pointing towards 
the ground. This orientation assists the welding operator 



with the application of the collars, and assembly of the 
heating apparatus on the piping. Additionally, by keeping 
the weight of the collar on top of the piping, the fastening 
means 55 provides an improved fit on the piping. 

[0053] Heating Mechanism:Referring to figure 8, a heating con- 
trol mechanism 60 is shown for the invention. The voltage 
control mechanism 60 provides a thermostatic control de- 
vice for controlling the temperature of each collar. The 
control mechanism 60 is comprised of a throttle mecha- 
nism 61 for controlling the voltage to the heating element 
22. Preferably, the throttle mechanism 61 is a dial 62 
which allows the user to select a range of temperature 
settings for each heating collar 5. 

[0054] The heating control mechanism 60 is further comprised of 
a voltage input socket 63. The voltage input socket 63 is 
comprised of a female end which is mated with a male 
plug (not shown) from the voltage source (not shown). 
The heating control mechanism is further comprised of a 
voltage output socket 65. The voltage output socket 65 is 
comprised of a male plug that is mated with a second in- 
put socket 66 located on and connected directly to the 
heating element of the heating collar. 

[0055] Typically, each heating collar is comprised of a dedicated 



female input socket 66. For this reason, a single heating 
control mechanism 60 is required for each collar. This 
configuration allows the welding operator to individually 
select the pre-heating temperature for each collar of ei- 
ther side of the welding joint. It will be apparent to one 
skilled in the Art that such a configuration allows the 
welding operator many degrees of freedom to control the 
welding parameter of temperature since each individual 
collar may be pre-set to a different temperature based on 
the application. However, it will be apparent to one skilled 
in the Art, that the invention contemplates other configu- 
rations for connecting the power source to each collar. For 
example, the collars may be connected in series such that 
a single input socket 66 is located on one of the adjacent 
collars. Each collar would be connected in series to the 
collar having the input socket 66. 
[0056] The invention contemplates any type of thermostatic con- 
trol device which allows the control of voltage and current 
through the heating element 22. As mentioned previously, 
the heating element is preferably a heating coil 23 provid- 
ing exemplary resistance "R"through the wire serving as 
the heating element. Preferably, the voltage "V'required 
through the wire does not exceed 110 Volts. The resis- 



tance "R"of the wire is chosen to match the thermal con- 
ductivity "C'that is required to create the desired temper- 
ature in the wire. 
[0057] Typically, the temperature "T" required for the heating el- 
ement is one that can drive the piping to the desired pre- 
welding temperature required to perform the desired op- 
eration. The control mechanism 60 is required to adjust 
the required pre-welding parameter of temperature. The 
control mechanism allows the welding operator to adjust 
the temperature of each heating collar 15 and 16 depend- 
ing upon the thickness, diameter, and material of the pip- 
ing. 



